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Abstract: Potato crop in Egypt occupies 20% of the total area devoted for vegetable plantations and any
disturbance in its production affects severely its local and export impact. Brown rot disease on potato is the
most cereous disease affecting potato exportation. Therefore, competing such disease is an obligate practice
to control the pathogenic causal bacterium. Biological control became recently an effective strategy for fighting
plant pathogens, where the antagonist have the ability to compete with the phytopathogens. The present study
was carried out with a biocontrol bacterium and proved a potent antagonist against Ralstonia solanacearum.
The in planta trials were carried out using healthy and infected tuber-seeds treated with the biocontrol agent
Biocine S2HA either by soaking or powdering or both. The Biocine S2HA was produced in large-scale using
controlled bioreactor to obtain the optimal amount and active Biocine S2HA agent. Treating the healthy or
infected tuber-seeds prior to plantation with biocine S2HA as soaking or powdering increased the potato yield
compared with the untreated tuber-seeds. However, using the treated healthy tuber-seeds was better than using
the infected ones. In addition, the most effective practices were powdering the growing plants near the stem
base. The effectiveness of consequence powdering treatment is due to the repeatable treatment of root area
with the biocine S2HA carried on the talk powder either in the infested soil or even in the infected tuber-seeds.
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INTRODUCTION The causal bacterium of brown rot R. solanacearum is the

In Egypt, potato crop has an important position specially to the Europeian markets. The brown rot disease
among all vegetable crops, where about 20% of total area was first recorded on potato in Egypt, by Brition-Jones
devoted for vegetable production is cultivated with [3]. However, the bacterium was also isolated for the first
potato. In addition, the total cultivation of potatoes time in Egypt from potato tubers showing brown rot
reached 197,250 feddans which produce 2,039,350 tons of symptoms  by  Sabet  [4].  The  pathogen  nomenclature
tubers with an average yield of 10.34 tons/feddan [1]. This was changed  successively  from  time  to  time  ended
crop is economically important to Egypt and any by   R.   solanacearum  named  by  Yabuachi  et  al.  [5].
disturbance in its production affects severely its local and R. solanacearum is a strictly aerobic, non-spore forming,
export impact. Gram-negative organism, with a wide and diverse host

Potato plants are subjected to numerous bacterial range  affecting  several  hundred  plant species. Strains
pathogens such as Ralstonia solanacearum (brown rot of R. solanacearum are grouped into five races according
or bacterial wilt), Erwinia carotovora subsp. carotovora to the host or according to the use of selected
(soft rot) and E. carotovora subsp. atroseptica (black biochemical properties [6]. According to the previous
leg), Clavibacter michiganense subsp.. sepedonicum classification,  the Egyptian strain belongs to race 3
(ring rot) and Streptomyces scabies (common scab) [2]. biovar 2. 

most pathogen that affect the exportation of potato crop,
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The survival of R. solanacearum race 3 in the were collected from different potato infected plantations
environment is recognized. However, protecting the in the Delta region of Egypt. A serial dilution of 1 g soil
organism from desiccation and antagonism by other sample in 100 ml 8.5% NaCl sterile saline was carried out.
microorganisms can prolong this survival. The causal A volume of 100 µl from the last dilutions (10 , 10 ,
pathogen tends to persist longer in wet but,well-drained 10 ) was separately transferred under aseptic condition
soil, in the deeper soil layers (>75 cm), or in the presence onto the surface of sterile beef-peptone-glucose agar
of alternative crops, weed hosts or groundkeepers [7,8]. (BPGA) plates. The inoculum was then spread using
Soil survival is reduced by extreme cold and/or the sterile glass spreader, where the plates were allowed to
presence  of  antagonistic  microorganisms  [2]. Bacterial dry at room temperature for 10 min and then they were
plant diseases are controlled by various methods, i.e. inverted and incubated at 30°C for 24-48 h. The single
using resistant varieties, crop rotation, alteration of separated colonies appeared on BPGA plates were
cultural practices and selection of free disease planting individually tested against the indicator strain using the
parts or seeds. In addition, using chemicals and toothpick technique [17].
antibiotics became a routine practice to control plant
diseases which showed by time, little effect against Maintaining the Bacteriocin Producing Bacterium: Beef
majority of bacterial plant pathogens [9,10]. peptone glucose (BPG) medium was used for growing the

Biological control has regarded as a promising bacteriocin-producing bacteria or to maintain them for
alternative strategy to be used in the integrated control of short and long term purpose. One liter contains 3 g beef
various bacterial plant diseases [11]. These bacterial powder (Oxoide), 5 g peptone (Oxoide), 2% glucose and
control agents can be either naturally occurring organisms 2% agar. The medium was adjusted to pH 7.2.
(selected from the environment) or genetically engineered
strains [12]. For effective biological control, the bacterial Indicator Strain: An indicator strain of R. solanacearum
antagonist must be able to survive and grow under race3 biovar 2 was used in this study. The strain was
natural field conditions, where it can successfully kindly provided by Prof. Dr. Nabil Sobhy Farag,
compete on a long-term basis with the phytopathogen Department of Plant Pathology, Agriculture Research
[13]. Centre, Giza, Egypt.

Biological control agents are able to limit the growth
and the activity of bacterial phytopathogens in two main Identification of Bacteriocin-producing Isolate: Bacterial
ways, production of anti-microbial substances and isolate (S2HA) proved to have the ability to inhibit the
competition for space and nutrients at specific sites on indicator strain was preliminary identified according to
the plant surface (site of competition) Anti-microbial morphological examination of bacterial colony, cell shape
compounds are of three main types; antibiotics, using light and electron microscopic examination, in
bacteriocins and siderophores. These are distinguished in addition to Gram and acid fast staining [18]. Utilization of
terms of their chemical nature, anti-microbial activity and citrate, catalase, oxidase and nitrate were also performed.
means of detection during in vitro culture [10,14,15,16] Confirmatory identification using 16s rRNA assay was

The aim of this work is to test the potentiality of [19] carried out after preliminary identification [20].
using the Biocine S2HA (biocontrol agent) in field trials
on healthy and infected potato tuber-seeds. Bacterial Identification Using 16s rRNA Gene

MATERIALS AND METHODS corresponding to the polymorphic region of E. coli 16S

Isolation of Bacteriocin-producing Bacteria: Bacteriocin- amplify approximately the 350bp of the 16s rRNA gene.
producing  bacteria were isolated from soil samples that Hot   start   Taq   DNA   polymerase   was   supplied   by

5 6

7

Amplification: Forward and reverse primers (350bp),

rRNA conserved gene sequence (Tablewere used to

Table 1: 16S rRNA gene primers sequences [22]:

Primer Sequence Supplied by

350 F 5’ AGG ACG TGC TCC AAC CGC A’3 Boehringer Mannheim, Germany

350 R 5’ AAC TGG AGG AAG GTG GGG AT’ 3 



World J. Agric. Sci., 4 (S): 803-810, 2008

805

Qiagen (Germany), PCR nucleotide mix was supplied by Optical Density-dry Mass Weight (OD-MDW)
Boehringer Mannheim, Germany. The PCR program was Correlation: The calibration curve OD and MDW was
applied as described by Sambrock and Russel [21]. plotted for the isolate S2HA. The correlation factor (a) of

Large-scale Production of Bacteriocin: Large-scale relation a= 0.94 (OD).
production (fermentation batch culture) was carried out in
14-liter bench-top bioreactor (BIOFLO III, New Brunswick Bioreactor Experiments: Shaking 14 L bench-top
Scientific, USA). The fermentor contains 8200 ml of fresh bioreactor (Bioflo 111, Batch/continuous, New Brunswick
(PBG) medium. Bacterial inoculum was freshly prepared by Scintific. EDISON, N. J, U.S.A) was used for growing
seeding 200 ml of BPG broth with two pure 24 h old Pantoea sp. Soil samples were collected from Gharbia
colonies of S2HA, which was then incubated at 30°C for governorate, The bioreavtor initially contained 8000 ml
24 h. One hundred milliliters of the growing culture were medium and inoculated with 200ml of shake flask seed
then transferred into 900 ml BPG broth to prepare the culture prepared previously.
initial inoculum for the fermentor. Inoculum of 800 ml and During all tests, compressed air was supplied at 4/min
2% glucose concentration was then added to the and Antifom-A (Sigma) was used. It was adjusted with
fermentor to start the batch cultivation under sterile agitation speed to keep the dissolved oxygen level
conditions. remaining above 40% throughout relative to saturation.

Dry weight, protein content and the antagonistic
activity against the indicator strain (R. solanacearum) Preparing the Bacteriocin Powder: Talk powder was
were carried out in a representative sample to determine used as a matrix to immobilize the biocine S2HA product.
the kinetics of bacteriocin/activity during the fermentation The biocine suspension produced in large scale was
process. The measurement of temperature in bioreactor centrifuged at 6,000 rpm (Xg) for 20 min. The biocine
was recorded via inserted thermo-cable. The source of supernatant was than mixed with talk powder at 50%
heating was hot water regulated to the desired (w/w).
temperature using a cooling system controller.

 The airflow rate was sparged from the bioreactor In planta Experimental Trials: The in planta experiment
bottom through air sparger. At first, air was pumped from
air compressor and passed through a sterilized filter unit
followed by an air flow meter to control the amount of
airflow rate manually.

Measuring Bacterial Optical Density (OD): Bacterial cell
concentration was measured during the fermentation
process to monitor the bacterial growth curve. The optical
density (turbidity) of bacterial culture was determined at
550 nm using Pharmacia Biotech spectrophotometer
(Novaspec II).

Mass Dry Weight (MDW): Mass dry weight was
determined in 5 ml aliquot of the bacterial culture.
Balanced glass tubes, each filled with 5 ml sample, were
centrifuged at 4,000 rpm for 10 minutes in Beckman Avanti
J-25 centrifuge. The supernatant was decanted and the
pellet was suspended in 1 ml of 0.9% NaCl solution.
Tubes were re-centrifuged, NaCl solution was decanted
and the pellet was then dried under vacuum at 110°C in a
Heraeus oven until constant weight was obtained. The
samples were cooled in a desiccator prior to weighing.
Mass dry weight (MDW) was than calculated in gm per
liter of bacterial culture.

OD-MDW was determined from the following linear

was carried out in half Fadden (2100 m ). The experiment2

was designed in full randomize plots including 96 areas
each 16 m  (5x3.2 m) and each area contains 3 cultivating2

rows, where each row was seeded with 10 whole potato
tubers. The cohere distance between tubers was 50 cm.
The experiment was splited into two main trials. One with
healthy tubers and the other with infected ones, where the
soil  for  both  was  infested  with  the  causal organisms
R. solanacearum for at least 5 years. The cultivated
treatments were replicated 3 times. The original biocine
S2HA that was produced in large scale was then diluted
to 1/4, 1/8, 1/16, in addition to the main original product.
The tubers were treated in two different ways, soaked in
the biocine solutions for 30 min prior to cultivation, or
powdered with talk powder containing the biocine agent.
The soaked tubers were cultivated and then watered
without powdering, or the growing plants produced from
the soaked tuber-seeds were then powdered near their
growing  shoot  by  biocine-talk  powder  at  intervals of
10 days for 8 times. The control treatment was either a
negative (healthy tuber-seeds) or positive (infected tuber-
seeds with brown rot pathogen). The following Map 1
presents the experimental design with treatments and
biocine concentrations.



World J. Agric. Sci., 4 (S): 803-810, 2008

806

Treatment Conc. Healthy tubers Infected tubers 
1 2 3 4

x
1 2 3 4

x

3 4
X

1 2 3 4
x

1 2

1 2 4
x

3 1 2 4
x

3

4
x

3 1 2 4
x

3 1 2

R1

I. (1)

II. (1/4)

III. (1/8)

IV. (1/16)

1 2 3 4
x

1 2 3 4
x

3 4
X

1 2 3 4
x

1 2

1 2 4
x

3 1 2 4
x

3

R2
I. (1)

II. (1/4)

III. (1/8)

IV. (1/16) 4
x

3 1 2 4
x

3 1 2

1 2 3 4
x

1 2 3 4
x

3 4
X

1 2 3 4
x

1 2

1 2 4
x

3 1 2 4
*

3

R3

I. (1)

II. (1/4)

III. (1/8)

IV   (1/16)
4
x

3 1 2 4
x

3 1 2

Treatments Concentrations

Soaking I  =  (1)

Soaking + powdering II =  (1/4)

Powdering III  =( 1/8)

Control
X

IV = (1/16 )

Map 1: The experimental design carried out in year 2005-2006 at Talia, Monoufia Governorate
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Map 2: The experimental design carried out in year 2007 at Talia, Monoufia Governorate

RESULTS AND DISCUSSION

The results of in planta trials were statistically
analyzed using Mann-Whitney test. The results revealed
two different levels of significance on using healthy
potato tuber-seeds. The first level was highly significant
at p =0.99. The infection severity of potato brown rot
disease was reduced on using soaking in 1/4 Biocine
dilution + powdering, soaking in only 1/8 Biocine dilution,
or soaking in1/16 Biocine dilution + powdering. The
second level was significant in reducing the disease
severity at P= 0. 90, on using soaking in original Biocine
+ powdering, or only powdering in the original Biocine
powder, or soaking in either 1/4 or 1/8 biocin dilution. 

One the other hand, results of using infected potato
tubers were varied than using healthy tubers. As
previous, results showed also two different levels of
significancy.  The  first  level  was  highly  significant  at
P 0.99 to reduce the potato brown rot infection. The
following treatments were highly significant, 1/4
powdering, 1/8 soaking, 1/8 soaking+ powdering, or 1/16
powdering. The second level which was significant at
P=0.90 includes treating the infected tuber seeds with
original Biocine concentration (soaking) +powdering, or
powdering with 1/8 Biocine powder, or soaking the tuber
seeds in 1/16 Biocine dilution. The other treatment did not
produce significant treatment to reduce the potato brown
rot infection.

It can be concluded that treating healthy tuber seeds
with 1/4 Biocine dilution as soaking or 1/8 Biocine as
soaking + powdering gave the most promising results to
reduce significantly the incidence of brown rot disease in
potato crop even if they are cultivated in infested soil. 

For a particular disease, the development of a
successful biological control agent involves initial
selection  of a suitable antagonist by laboratory and
small-scale field testing. This is followed by the
formulation of an  effective strategy of application. Given
the diversity of the rhizosphere microflora, it is probable

Table 2: Weight of tubers verses their number collected from a random

sample plant taken from each block treatment

Selected Tuber Weight of Number of 

blocks conditions Treatment tubers (Kg) tubers/plant

9 H S+P 3.00 10

13 I P+P 2.90 9

2 I N+P 2.87 10

12 I S+P 2.79 10

20 H S+N 2.45 8

15 I S+P 2.35 9

18 I N+P 2.34 9

8 I S+P 2.19 10

19 I P+P 1.79 9

16 I S+N 1.78 8

H = healthy, I = Infect, S = Soaking, P = Powder, N = Untreated 

that the full spectrum of potentially effective strains has
barely been explored [14,23].

On the other hand, microorganisms that can grow in
the rhizosphere are ideal to be used as biocontrol agents,
since the rhizosphere provides the front-line defense for
roots against attack by pathogens. Although pathogen-
suppressive microorganisms in soils are rare, those
identified are excellent examples of the full potential in
biocontrolling soil-borne pathogens. Bacteria shown to
have potential biocontrol action occur in many genera, i.e
Erwinia herbicola, [13,24,25], Pseudomonas fluorescense
[26,27,28], P. syringe [29], Panteao spp. [30,31] and others
biocontrol agents are not limited to a specific bacterial
group.

Data presented in Table 2 showed that the weight of
tubers ranged from 1.78 to 3.00 Kg. The tubers were
collected from mature plants (105 days) produced from
either healthy or artificially infected tuber-seeds. Treating
the healthy or infected tuber-seeds prior to plantation
with biocine S2HA as soaking or powdering increased the
potato yield compared with the untreated tuber-seeds.
However, using the treated healthy tuber-seeds was
better than using the infected tubers. In addition, the most
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Fig. 1: Variation of biomass concentration, glucose concentration with time for batch cultivation of Pantoea
agglomerans strain in 14 liter lab.-scale bioreactor at constant temperature 30°C

effective practices were powdering the growing plants
near the stem base. The effectiveness of consequence
powdering treatment is due to the repeatable treatment of
root area, with the biocine S2HA carried on the talk
powder. The watering of growing plants that were treated
with the biocontrol agent (powdering), led to releasing the
biocine S2HA to the soil around the plant roots killing the
causal pathogen, either in the infested soil or even in the
infected tuber-seeds. 

The Use of Bacteriocin in Biocontrol: Biological control
of plant disease by microbial agents has been extensively
investigated during the past 20 years. Some success in
using bacteria as biocontrol agent of pre-and post-harvest
crops has been also reported Accumulating evidences
proved that bacteriocins can play a major role in affecting
the composition of microbial communities in certain
microhabitats such as plant infection courts 

A represented blocks from the in planta trial were
chosen according to the Best crop yield. The selected
blocks represent the whole treatment spectrum that was
carried out to determine the best. The data in Table 3
show that using healthy tuber-seeds that were soaked in
1/4biocine S2HA then powdered at intervals was the best
producing a average of 45.3±4.7 Kg per 3 lines. As well,
the infected tuber-seeds that were treated as previous
gave the second crop yield 39.3±7.4, followed by tuber-
seeds firstly powdered prior plantation and then
powdered at intervals during plant growing.

The worst was tuber-seeds soaked only prior to agent were added. The composition of the medium and
plantation and left without any further treatment
producing 31.7±8.5 Kg per 3 lines. This data was expected

Table 3: Average weight of tubers in each block treatment as a measure for

treatment impact

Block Total weight of Weight

Number tubers in lines (kg ) Average±Sd

9 136 45.3±4.7

12 118 39.3±7.4

13 107 35.7±5.6

2 100 33.3±4.7

16 95 31.7±8.5

even the tuber-seeds were planted in an infested soil,
because the first in planta trial revealed the control
antagonism of the biocine S2HA against the causal
bacterial pathogen R. solanacearum.

This effect was proved for different bacteriocins
against different plant pathogenic bacteria
[24,31,32,33,34,35].

Fermentation Process: A batch fermentation experiment
was conducted in a 14 liter-bioreactor at a constant
temperature of 30°C. The time courses of the
concentrations of the biomass formation and glucose
consumption are shown in Fig. 1. Batch fermentation was
carried out in a closed-system bioreactor. The sterilized
nutrient medium is seeded (inoculated) with living cells.
The mixture was incubated with stirring under specific
conditions and the culture grows. Typically nutrients are
not added during the growth. Often, oxygen (aerobic
microbes), an acid or base to control pH and an antifoam

the concentration of biomass and nutrients changed with
time. In the logarithmic phase, cell  mass was increased
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Fig. 2: lnX vs time in the exponential growth phase of
batch cultivation of Pantoea agglomerans strain
14 liter lab. -scale bioreactor  at constant
temperature 30°C

exponentially over time. During this phase, the specific
growth rate (µ) of 0.176 h  was determined from the1

logarithmic relationship illustrated in Fig. 2. In this figure,
the values of the ln X (values of X in gm was obtained by
using the correlation coefficient, 0.94 calculated from the
linear relationship between dry mass weight and optical
density.

In batch cultivation, the optimization condition was
controlled in the logarithmic phase in which the biomass
concentration X and X  at measuring times t and initial0

time t respectively was increased exponentially and the0,

specific growth rate µ (h ) became independent of1

nutrient concentration. According to Shuler and Kargi
[36], this case can be described as an exponential growth
rate first order and can be expressed as follows:

     ln (X/X ) = µ 0

The exponential growth is then characterized by a
straight line on a semilogarithm plot of ln X versus time
(Fig. 2). 
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